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FROM HYDRAZINE DERIVATIVES *
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The reaction of phenyl and methyl isothioctyanate with a series of mono-
! i . .
substituted hydrazines in absolute ethanol has been studied, The reaction

temperatures as well as the substituent on the hydrazine meolecule was found

to effect the distribution of isomeric thiosemicarbazics products obtained.

¥
-

The isomerization of several 2,4-disubstituted thjicsemicarbazides to

. . v .
[ their 1,4 isomers was investigated, and evidence has- bezn presented which

suggests that an intramolecular isomerization pathuay is ihvolved.

y Substituted 1,2,4-trieszoline-5-thiones were produced from thiosemicar-
bazides by benzoylating thé thiosemicarbazide and cyclizing the product in

Zbase, or by diieé&ly reacting the thiosemicarbazie with ethyl formate in an
alkaline media, The §ubsti£uted’triazoline-s-thiones‘yere,then S-alkylated '
with ethyl monochloroacetate £o vield the corresponding 1,2,4-triazolyi-5-‘
mercapto acetates, The acetPte aroup Qas furthe;lbuilt up, into a benzoyl
thiosemicarbazide structufaﬂ The resulting compound was cyciizedfin basic
media to form a novel 1,2,4-triazdle-l,2,4-triazoline-5—thioﬁe type cdmpouﬁd

. ) linked.by a methyl mercapto group, Acid cyclizationgof the substituted thio-

semicarbazide resulting in a 1,2,4—triazole-l,3,4-thiadiazple tyﬁe compound

1inked by a methyl mercapto group.

N o
The structures of the intermediates and products were verified and studied

" by spectroscopic methods,

<
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2 GENERAL INTRODUCTION
. o
THE f.z.a-TﬂiﬂzOLE—RING SYSTEM i o
Nomenclature oo s ) " >

“~

Five-membered ring systems containing three ﬁitrogqp atoms

and fwo carbon atoms are known as triazoles, These may be of two

types, the 1,2,3-triazole or V-triazole (Vicinal) and thﬁ/i;é}de‘ E

triazole or S-triazole (Symmetric). 1-5 Derivatives of the latter* ‘ \ '
type are the'subject of this thesis. ] | |
\ .
2- 1 B ‘
v L -
1N".N B N‘—N
== / \ ;e
3 P 5 o / .
N/ ‘. N ) }
N ) ' 1’
4 LH ; w
o L | 15 SR e IIr , j
. ’ ) . T : : - 'G,_' -
7 3 ) ) /
» L ; : - ’ ‘C
. 1,2,4=triazole -
Fof those derivatives with N-substituerts, the relationship - 4
to the parent form is Eignified by describing them as 1,2,4-1H-
£
ttiazolos (structlre 1) or as 1 2,4-4H-triazolee (atructuro I1I1). ' é
Thia 19 based on the assumption that 1 z,d-triazolaqis capabla of .

- exiating as two tsutomeric forma, 1 and 11, . . ) ) ‘

[ 4 . ) s [




¥ 2. ¢ - < 1
Histortcully the nzﬂ‘"friaiblo was given to this ring system K
hy Bladin, uho describell derivatives of it in 1885. |

Physica #r arties 'nd ) .

ke °

, Rafurring to table 1, a conparison of boiling points, and
[V
dipolo mom-nts of 1 2, d-triazole vith other S-mombsred hotro—_

cycles, gives .vidcnca or its considor-blb polar n.turo.l Thu 5 >

R
‘ boiling point of 1 2,4-triazole is .considerably higher in com-

ppriaon with thoss of furan and pyrrols, though their molncular

yu%ghts are similar. It can also be sesn in table 1, that thn .

1ntrod6ction of q<nothyl group onto the l-pocigion of 1,2,4=

triaz le lowers the. boiling point by 8§°8‘and the melting point

o .. by 101°C, whereas the introduction of a S-methyl substitunnt , )
5 ‘maknn no appreciablo differsncs, fﬁis indicatas the presence o,

] ’ . of an associated N-H group. On analysis of the infrared ap-ctrl” -
of‘l,z,d-tfiazolp and:;tg derivatives contnining aﬁ,unsubatitutid Cy}? ' ‘
‘NeH group, it hﬁ; benn‘sugg;stid thqt‘th; solid state structure '
uf{thesa triazoles coﬁsilt of a pair of 1oﬁsauhich are 1ntcr-,4

. . . ' N ) A ‘. . E}
“« molecularly aasociated.7'e The hydrogen. atom of the imino group .

PPV Y
. B

'proténatcé an unsaturated nitrogsn of. an ad;ﬁéont moloculd; the
vardous canonical forms of the two charged particles, ars shown

on page 4, . , 4 o ! N
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* COMPOUND - © . MELTING BQILINGPOINT . DIPOLE,
. - _POINT . _ AT 760mm MOMENT
o L% D
Furan R - _--w 32 ' , 0.63
. Pyrrole - e em o131 - 1,80
\ NS L
Thiophene ’ - - 84 o . 0.54
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. This suggestion was- made because of the presence of two bands in

N
N..:n’H CoA
[\ e
N .
]
H .
©o " Cation.

the infrared spectrum of 1l,2,4~triazole, a broad aﬁmonium-typé
PO Y

" band at 2860-2500cm™

1

and an immonium=-type band at’l&chu‘l,

characteristic.of the followiné structural moisty.

‘S:; -H
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1,2,4-Triazole has an extremely stable nucleus which is regarded ..

as aromatic ln nature, and whose two tautomeric forms are resonanca

stabilized, : : o .

Tautomer I, v ) ' .

»
»

‘ fautomar 11, o . ' P ) !
NN j', : /?--5 e TN o
/ \, , : i \ stc,
(Y= ()= (I
o N . . . N , ..,’N t
B ' ] ‘ ¢ . , '
) H . H H ,

In thql@o;iq phase, tautomer I is favoured aa‘the more stable
gver the syﬁmettiéal tautomer II, by x-ray crystallographic de<
'Forninatibns.1°'11' Similarly from microwave spectroscopy in the

" vapour phaée"ﬁautomgr I u;a fbupd to ptedoninato.lz Ionizat;on -
constants of I and d-alkyl derivatives of 1,2,4~triazoles have

' indicated thée ratio of tautomer I to II to be about 5-10:1.%> . -

L. ' v ! . . s - -
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o * Hexamethylphosphorip

-

Room temperature NMR spectra of 1,2,4-triazole in coc1,
N ‘ \ .
or D.M.S.0. yield singlets, the NH protong are not observed with

I r . f
normally purified solvents. Thus it has been concluded that the

14

time averaged picture of the molecule must be .symmetrical, In

very Hry solvents, however, the signal from the N-H proton. is

) *
sharp enough to be observed and in carefully fiatilled HeMoP. T,
a

two distinct C-H peaks are observedLét temperatures bal&u o°.

In a 4.3% soluélon, a maximum separation of 56 H, (at 60 HH;)ﬂi;

Q. . .
- observed at:=34%, <Such a separation of peaks has been interpreted

in terms of the predominence of the l-H tautomer (tautomer I) over

[ 4
the 4=H tautodﬁf.ls . °

1)

1,2,4-triazoles are amphoteric in nature, forming sslts with

»

both acids and bases, - k e

- .‘ /'.! . \ x-
N q
H
2 Ne*

. .
o \‘

triamide .

°

™~

N



~* SUBSTITUTED MERCAPTO TRIAZOLES.

> S=Marcapto 1;2,4-t£iazoles are poteﬂtially tautomeric. The

following 3 isomers, each capable of existing in two tautomeric

[ *

/' forms, are possible;for compounds with a nitrogen substituent,

. H

/ 13
N '
/)kbs '

/ K ,'}‘-N.l _ /N
Y \ <
SRS {

1 !
. R . R
R -R‘\ /Ii
A — NaN,
. ~
‘ ' :&k\ K d /:X§
i R / )\N SH \N 5
R R R
. 7 /
. ‘V.""N . __) NTN\
R . N SH N S
, \ ) .
) o In geparal, &« mercapto derivatives of N-hetercaromatic compounds

o ' ‘ are capablb of this thione-thiol protemeric equilibria,

@

) L
! |

S - ' SH

. ' i - o e
7 ~C . —_— _C. =

AR < W

. NN ° N

\/‘ / ’
+ ' N -

L )/”’5\\ * Thione : Thiol

—— o e ewey s - vt
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" lou polarity.l7

at 1548cm™ for the NHC=S group in the IR s

.have demonstrated that the position of .N=phenyl substituents on

'The cyanoethylation of l-phenyl 1,2,4-triazoline-S-thions, as

2 = Marcapto pyridine, for example, has been found to be present

in water pri&%&gglly in the thicne form by a comparison of ‘its

UV spectra with those of its Nemethyl and S~-methyl derivétives.l6 <

X
\ ‘
’ + AN\ -
/su‘ > N 3
H
- J‘

' Later, infrared studies of 2-mercapto pyridine and similer (X mercapto '

derivitives of N-Hetaruéromatic‘éompnunds show that they exist

in the thione form, both in the solid state ané in solvents of

a

,

Similarly, the presence of bands at 1330c:21fnr'c=3 and

ctra of 4=aryl=3

" aryl émino'l,2;4—triazoline-5—thinnes, indicate the predominance

18

of the thione structure. Racently, however, E.G. Kavalev; at al,

the triazole ring plays an essential role in this tautomerism.lg

/

-wel) as the' 3,4-diphenyl derivative, in alcohol in the prasadéﬁ‘

A

of triathyiamine, lead to the formation of N-cyanoethyl deriﬁabiﬁes. ;

f /
' Hbwever, the cyanoethylation of 2-pﬁ7nyl-1,2,d-t;iazolingzs-thione

/
lead to the formation of S-gyanaethyl derivativa, 7




7 . /

/ N it
™~ Cyanosthylation generally occurs by a i,d—nucleopi#lic ad-
dition to acrylonitrile, 20 |

/ o ’ -"(CHZCHZCN

Ph/L )\lsu 1 /4 * _:—_;\fh/z"”)%s

p Ph A2

UL

N
\ —————-é , < » . .
SH CON A S=CH,=OH O

»
-

oo - . .
‘// Acidity constants have been reported _for some mono~ and di- -

-/ ) // substituted 1,2,4—triazo&ine-5~thiones, gnd they are presented
;" in table 1I. These constants were determined by potentiometric
/ ti#ration of aqueoug_alcohol solutions. 8 It can be seen that
AR replacsment of hydrogan in the 3-position of ‘the 1,@,4-triazo=-
/ o | 1ine-S=thione ri(ng y an arylamino group o}eac‘hs to a decrease E 1
| /- . in ’the acidity bly two or_dai-a of magnitude as comparsd )uith.a- L

o ' aryl=l,2,4-triazoline=5=thione., It can also be seen that ‘the

chlorine atom in the 4-position of the phenyl ring displays an

N ,
. AN
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TABLE II  Acidity constants of 1,2,4-triazoline=5-thione
'derivatives, =\
. M ) H
, . L /7
N st N ' NN
P=RCH, NH/< )\ . HAN)\S
]
CBH 4R—l-" C 6H 4R...P )
R pKa ) PKa
H . ‘8,39 ' ‘ 6.80
cL 8,47 6.60
, v . L -
* * ‘ v T
. P e .
\ . ‘e
[ 4 ~ ¥ -




slectron-accepting effect and ihcreas?s the acidity of the com-

1

pound, wqila the elactronaddnating ethoxy group lowers the acidit;

of the triazole derivatives.

Varioﬁs‘l-acyl-d-substituted thiosemicarbazides are knouwn to
posses biological propsrties-like antitubercular,21 antifun93122

and hypoglycem1c23

activities, - Heterocycles darived from these
compounds, such as oxadiazoles, thiadiazoles and 1,2,4-triazoline-
S-thiones are important chemotherapsutic agents and have bseen

reported to exhibit'antitubarculér,z4 diuretic,25 bactariostatic,26

» hypoglycemic,27 antiviral,28 anti'fungal,29 antithyroidsoand herbe=

t
1cidal3t action, Finally l,Z,A-triézoline-s-thiones are important

a

synthetic intermediates since they can be readily converted to

the parent structure with . such reagents as hydrogen paroxidesz.

[T
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: l! SYNTHETIC ROUTES : \ - '
! L]
% Substituted S-mercapto 1,2,4-triazoles\ have been prepareqd
! by various intermolecular and intramolecular condensation pathways,
LT s i as briefly outlined below:
, I Intramolecular Condensation . ) ' /
; . — , . L
/ Two main routes, type A and typs 8, have been used to \ /
ﬁ' ‘produce substituted S5-mercapto tgiazoias: ‘ ' e Y/
) ' N-N_ T N-N | |
[ ' 7 /\ et \ '
oo L - C . C c C- . : ' ‘
. —/ . . oy N N~ . . ‘
e ) r ' :
- Type A Type B
|
A Q’pra A ring closure has become established as the most ef- ¢ i
/ ) ’ fficient method of synthesis of C-monosubstituted thiatriazplaa.
/ An gxample 1s the cyclization of l-acyl—thiosemicirﬁhzidat'in i
~ alkaline solution,33 ' ' : ‘ -
| H H o ‘ 'H M
\ / ' \ '
'35 Ne-N bR . Ne«N
C N C.-_s ——-—% ~ - \\:
R~ % R S . _
- H.N L ‘ N :
2 o o /
- / " By the acylation of thioaamicarb?zido with the appropriately .hg: ‘ ~
. . L '4 ’
3 > . stituted acid chloride, .a variety of intermediates for this type
| . e -
o P . AC?-
b
A1 ' : - .
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of ring closure may be t:;bt:a‘j.ned.:w"38 !

Similarly, 3,4-disubstitiuted 1,2,4~triazoline-S-thiones are

efficiently prepared from the cyclization of l-acyleé-substituted=-

thiosemicarbazides with alkal{ or by heat,39=4%

, v -
Thiosemicarbazones also readily undergo typse A ring closure,” '
For example the gﬁ;bsemicarbazone of ethyl- formate, when treated
‘..J,‘(“'IJ K

with a 10 percentggggium carbonate solution for 2 hours at-BO?C
forms 1,2,d-triazoline-s-thiona.41
H e
/ _H
R N -N - . N « N
N7 / .
/ C=S —_— R 5
WO /s N
07_5 HZN A .

\ A further example of type A intramolecular condensation is

the fusion of certain derivatives of hydrazine N.N'-~dithiodicar-

. baxylic acid.dz
L , . H ) /H ".‘ ! H\ . / H
| = N N -« N !
Ve N
S:c e C'=S N ﬁ
\NH H N/' 4 WHETN S
2 2 ) T2 N.

The cyclization of 4-acylthiosemicarbazides in alkaline

s v . 4,43
solution is an example of type B condensation,

H H H
Ho = N7 - R

. OR o
‘9 . _C=5S ) —.—-—9 /4 * -3
- N . . . . .
IC\N/‘ . - R \N 5 .
L
H - o

% -
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II  INTERMOLECULAR CONDENSATION: , ot e

Three separate rautes\i&d}scribed-which have yislded sub=-

3

a

stituted 1,2,4~triazoline-S-thions.:
(1) - Lo '

* This :léss is axemplif;ied by the reaction‘of 4=aryl or 4-‘alk‘y1:
thiosémicarbazides with aliphatic or aromatic acid esters in the

prasence of basgi 4-phenyl thiosemicarbazide reacts with ethyl

-t A formate and sodium ethoxide to form 4-phenyl 1,2,4~triazoline=- R ,
4 ' v !
S-thi Py ' \ A
ane H . rl . - /H

0y woN =N ocH,” ML :

/C-H + y o I /4 \ o
HgCy0 S WSS |
' ] . [} . ‘
! : CeHs Cetls : |

~ '

u3-substituted 4-phenyl, 1,2, A-triazolina-s-thione can be prapared

by reacting with. the appropnate acid aster.,as o - ‘
’ v H H (;\ |
B \ / - c
- 2 woN =N 0c Hg.
\CH. =C + H C=§ = .
Ny ~
25 / CH N

CeHs ) O

CoHe nl
’ . /n.\/
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. route, to produce 4=aminoel|2,4-tridzoline=S-thione, s

H H.
. . /
\N -
[ ek
~ H C(OEt), +

S : ' Ny o
e AT

- The addition of. aroyl 1sothiocyanate to an ek«:ets of hyd—

. razine hydrate under alkaline reaction conditions results in the . /\—{
] . .

diresct formation of 3—ary1-1,Z,A—triaznline-s-tﬂionas "in modaratse

yields (* 30%). | 4~acyl thiosemicarbazide is eXpected to be an

.~ % intermediate in this raaction." . ’ ° .

¢

H. '* . _H g '
N\ 75 ( . . ~
H’N - Nu * H20 :

H - . 0 HS H™
o T b tdend
o . \ ‘-----

! - B
H T l
o - ' s H . 3
. ) . o ‘ . . ) N-N
K . ot L. ' PO

.
.
. P ' . .
. .
o f . - . ‘ . . .
. . . .
e a . re . -
' P . .
o : N A S Q‘\
P ' . i & . - .
" ' ‘ 4 o B . ‘
' B “ . v M
' .
. . . .
. R . . .
: - . ’ .
P .
- ¢ - . ~v Al
.

:1; T v i
4 . B
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(111) ° Ne N

3,é-Dfsubsﬁituted-S—mercapto triszoles gava been obtained

via sbhis route from.derivatives of N—acylaminodithiocarbamic

-

acids, o ‘ H H

¢ ’ Yoo
\ >\ ‘
» c’
» K [ 3 \ , .
) EgHs sy

. ARcylamidodithiocarbamates can be-obtainad by r;bcting acyl
hydrazidea’withlcar disulfide and potassium hydroxide, giving

. o °
L3 \ ‘

the potassium salt of 2-acylthiocarbazic acid., These, éombounds
‘can be converted into their methyl eatars with methyl iodide and
thay%react readily uith hydrazine to form the 3,4—diaubatitutad

-S-mefEapto triazoles. 49'49

» ' ‘ N - N . ) R B .
R , A I . T
c \c “u--——% ; ( ) (A .
N N .

‘RC(:.INHNH2 + FSZ + :
¢
i , : '
. sk 4
. : " H
N . ! B . » ’ "-”/
. P / o\
Co : Krks ]
’ o ; ’NHt"* BHSSH
~ - . . \\ - - 2
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. . EXPERIMENTAL

-

The infra-<red spectra were recorded on a Perkin«Elmer 457

Crating Spectrometef using potassium bromide discs and corrscted
' according to a polystyrens standard of 0.0Smm in thickniss. In
this section the main absorption bands are r;ported for sach neuw

compound prepared. ) . - o °

L

Th9 prptun magnetic resonFnce spectra were obtained on g
60MHz, Varian A-60A instrument, The samples were dissolved in
DﬁSO-ds, unless otherwise specifﬁed, using TMS as internal

standard. The chemical shift values were sxpressed in ppM

<

units from the ;NS peak. -«

Thin-layer chromatograms (TLCY were obtained with silice- ‘

gel plates prepared by Eastihsn Kodak with Pluorescent 1ndi§a€br.
The solvent system Used was: '

\

BENZENE - DIETHYLETHER = CONC, AMMONIUM HYDROXIDE
* .

( 20:7535, VALV ) <

4

Thé plates were developad in the above solvaﬁt, then the solvent

-

was removed by exposure to atmospheric qir and ths plates were

placed in an atmosphere of iodine vapors;

-
s

The mglting points Jere*determ;ned using @ Gallenkamp maiting

»

~ point apparatus and are uncorrected. .o B

(

The ultra violet ‘spectra were recofdedion-a Unicam=600 Spectroe.

photometer, using a slit wldth of 0;00lim and methanol in the

oe
]

. . .
o B . bd

-
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PREPARATION OF INTERMEDIATES AND PRODUCTS -
3 “.,. - . Iv

-

3
1 )

MONOSUBSTITUTED HYDRAZINES

P_METHOXY PHENYLHYDRAZINE

p-Anisidine (19g, 0.15 moles) was mixed with concentrated

hydrochloric acid (150 nL). The mixture was well stirred ang

\

diazotized at 0°C with' a solution of sodium nitrite, (10.4g,

0.15 moles) in water (45mL),

A solution of stannpus chloride (105g, 0.55 moles) in

water (90 mL)‘J;s cooled at 0°C and was slouly added to tha‘

purale diézonium solution, AA yellow crystalline solid was ob- )
- tained and turned colourless after standing OVernig%t'in the
rafrigarator; The solid ’was well drained, wasﬁed ;ith diethyl
ether, and recrystallized from'the minimum amount .of boiling-
water, A solution of sodiﬁm hydroxide (3g, 0.075 moles) in
vater (60 nl) was cooled to 0° and mixed with the recrystal-
Co © lized solid. The resulting free base (4.1g, 18%) was drained

es°c).

well and racrystallized from benzena: mp 62 C - 64°C (lit.5
. The compound~is unstable both in' the free-base form and as EP‘//)
. hydrochloride and it begins to decompose within a few hours at

%, ot : room temparature.s6

Tk
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P-BROMO PHENYL HYDRAZINE

-

p-Bromo aniline (34g, 0.20 moles) was mixed Q&th concen-
érat;d hydrochlor;c acid (7D¢ﬁt) and heated to 50°C_for one
hour, The mixture was coocled, stirred and diazotized at 0%
yith a solution of sodium nitrite (éOg, 0529 molas) in water
(éG mt). The di;zotization required about 60 minutes, The
diazﬁnium solution wasqfiltered and added slouly to a solution : '
of sodium sulphite at SOC; which had been prepared by" passing
'sﬁlphur dioxide'gas into a solutién of sodium hydroxide (4Sg,
1.12 moles)'?n‘uatar (300 mL), until an acid reaction.was just
inéicatad by phsenolphthalein, Tha'resultiﬁg mixture was Qarmed
- 8louly to 60 ®C and maintained at 60° to 70° for one hour, The
solution was acidified to litmus with hydrochloric acid and =
heated on a‘steam bath for one hour. Concentrated hydrochloric
acid (100 QL) was added and the ﬁixturé was allowed tb‘cool.
The crystals were filtered, washed with 3N hydrochloric acid,
then diggﬁlued in hot water (10 liters), The solution mas':ade
basic by addition of a soluéion of 3N potassium hydroxide. The

resulting precipitate (14,49, 359%) was drained well: mp 101-10300.

(1it.7° 105-107°%C). . -

1 ’ N
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s REACTION OF HYDRAZINES WITH PHENYL ISOTHIOCYANATE

(a) General Low Temperature Procedures

Absolute ethanol (50 mL) ' and a magnetic stigre; were added
to a lSO'mL flagk. Th; hydrazine (0.046 molas) ués then dis-
8olved in the ethénol. The flask was placed in an ice-acetone
bsth and cooled to -5°C, ‘with constant atirring; phenyl iso=
thiocyanate (6.29, 0.046 moles) was slouwly added dropwise to
the mixture so that ths reaction tempera e did no£ excead
-2°C. After- stirring for f;;;\;zgﬁtac/{ﬁzﬁ;sbulting precipitate
was collected and washed with coid (-SOC) abgolutq ethanol,

(Fér specific experimental results .see table 1)

(b) General High Temperature Proceduret

Absolute ethanol (50 mL) and a magnetic stirrer were added

to a 150 mL flask, The hydrazine (0,046 moles) was then dissolved

in the ethanol, and the mixture byou a reflux with a hot
plate. Phenyl isothioéyanate (6,29, 0,046 mai:§1/i;s aqded

dfopwisa to the refluxing mixture,, After one hour the solution

" was cooled(and the \resultingprecipitate das‘collected and washed

with cold absolute ethanol, (See table one for specific experie

v

mental resu ts.)\
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REACTION OF HYDRAZINES WITH METHYL ISOTHIOCYANATE

(a) General Low Temperature Procedurs:

Absolute eéhanol (25 mL) and ; magnetic stirrsr were added|

'to a 150 m{ flask, The hydrazine (0.024 moles) was<FﬁEn\gissolved
. . in the ethanol, Tha flask was placed in an ice-acetghe bath “and
cooled to -5°C, Crystals (previously washed with absolute ethanol)
of methyl isothioc&anata (l.?Sg, 0.024 moles) were dissclved
in 25 my of abso}ute ethanol, ~then slowly added to the hydrazine
solution 'so that the . reaction temperature did not exceed -2°C.
L ] After stirring for five minutes tﬁe r?sulting precipitate uas

collected and washed with cold (-3°C) absolute ethanol, (For

specific experimental results see table TT).

~, " (b) General High Temperature Procedure:

Absolute athanol (25 mL ) was added to a 150 mL flask con-
taining a magnetic stirrer, The hydrazine (0.024 moles) was
then dissolved in the ethanol, and the mixture brbught to reflux

oh a hot plate, Crystals (previously washed with absolute ethanol)

-t

of methyl isothiocyanate'(l.759; ‘0,024 moles) uere dispoived

&

in absolute athanalA(ZS mL), then slowly added to the refluxing
hydrazine solution, After one hour the solution was cocled and
. +

the resulting precipitate was collected and washed with cold

absoluts ethanol,
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Table III - REACTION OF MONO SUBSTITUTED HYDRAZINES WITH‘PHENYL ISOTAIOCYANATE

)

(a) Low Temp., Reaction: )
-Reactant ' Produc Product Praoduct -~ ° Product
Hydrazine Yield mp TLC (Rf) IR NH2 deformation
) freguency (cm~1)
' (%) (°c) . %
(i) Methyl 52 144-145 - 0,39 ‘ 1625
t ! P
Hydrazine . te -
(ii) Para-methoxy 42 135-137 0.59 ’ 1615
‘ Phenyl hydrazine a . '
(111) Phenyl 82 139-140 0,64 1625 .
Hydrazine , . 0.48 )
(iv) Para-bromo T 43 - 172-174 0.37 . R
. Pheny hydrazine ’0,54 s ‘

(b) High Temp, Reaction: -

(1) - methyl T 24 136-138 0,19 - 1625
Hydrazine 0.39 "

(ii) Para~-methoxy ' 78  153=154 . 0.59 1615
Pheny hydrazine . 0,46

(1£31i) Phenyl 81 168-169 °  0.64 ' " 1625 L.
Hydrazine - 0.48

" (iv) Para-bromo 65 160-182 » 0,37 - -—

&

Phenyl hydrazine

o, r 3
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Teble IV - REACTION OF MONO SUBSTITUTED HYORAZINES WITH METHYL ISOTHIOCYANATE

Low Temp Reaction:

(a)
Reactant Product Product Product Product
Hydrazine Yield mp TLC (Rf) IR NH, Deformatiod

) freouency (cm™+)
. (%) (°c)

(1)  Methyl 32 132-136 0. 41 1630
Hydrazine ' &" ”

. . ) e .

(i1) Para-methoxy 39 154=157 0.51 1610
Phenyl hydrazine , ’

(ii1) Phenyl " 39 86~90 0, 45 1610
Hydrazine | .0.55

(iv) Para-bromo 6 184~186 0.44 —

" Phenyl hydrazine 0,59 |
' ¢

(b) High Temp Reaction: _;/// . N

) ' . ) -
(1) . ’‘methyl 35 132-135 0,41 1630

‘ Hydrazine

(11) . Para-mathoxy 51 146-149 0.42 1610 .
Phenyl hydrazine 0.51 ’

(1i1) Phenyl C22 . *163-165 0,46 -

' Hydrazine .‘

(iv) ° Para-bromo 39 190-193 0.44 -

Phenyl hydrazine
A —
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ISOMERIZATION OF z.4.;DISUBSTITUTED—3—THIDSEﬂICARBAZIDES.

t

Isomerization of 2-paramethoxy ghangl 4-2henxl-3-gh1ogemicarbaz1da{

2- Paramethoxy phenyl-4-phenyl-3-thiosemicarbazide (0.3g,

0.001 moles) was dissolved in absolute ethanol (10 mL), and

‘the solution was then rqflbxed for 24 hours, Upon cooling

and partial evaporation of the solvent, a precipitate formad.
. : - 7

s q . -
which was collected by suction filtration and washed with cold

absolute ethanol: mp 153-154°C; TLC: (RP: O.45).

Isomerization of 2-ghen¥1-4—methxl—3—thiogemicarbazide.'

An approximatly-equal mixture of 2-phenyl=d-methyl=3-thio=
aemicarbaiida and l=phenyledemathyl=3«thiosemicarbazide (1.09,
0,006 moléa)'was‘dieaolved in absolute athfnol (30 mL), pnd C
the solution was refluxed. for 24 hours, Upon cooling and
partial evaporation of the solvent, a precipitate formed which
was collected by suction filtration and vashed with cold sbsolute

ethanol: mp 163-165°C; TLC: (Rfs 0.46), _ . S

“
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ISOMERIZATION OF 2-PARAMETHOXY PHENYL-3-THIOSEMICARBAZIDE WITH

r
2«PHENYL «4=METHYL-3-THIOSEMICARBAZIDE,

"2~Paramathoxy phenyl=3J=-thiosesmicarbazide (0.5, .002 molas):
and ;ﬁ approximately'equaiﬁmixfure of 2-pﬁeny1—d-methyl-3-thio-
samicarbazide and l=phenyl=4=methyl=3-thiosemicarbazide (1,0q ,
.006 mnlea) were dissoclved in absoluts ethanol (30 mL ) and the
solution wes refluxed for 24 hours. “Upon cooling and partial .
evaporation of the solvent, a precipitate fo;med which.uas_col—

lected by suction filtratiomn and washed with cold abso{/}a’

ethanol TLCs (Rf. 0,46).

—
e
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THE PREPARATION OF l-BENZOYLTHIO§EMICAR§AZIDE.

0

I3

" ' A=Benzoylthiosemicarbajide’ I . '

Powdered thiosemicarbazide (4.6g, 0,051 moles) was suspended™.

L)

in dry pyridine (50 mL) cooled to -SUC, and benzo&lchlo;ida

(7.0g, 0.050 moles) was added ¥ropwise below 0°C. After 12 !

hours stirring during which room temperature was attained,‘ ]

water (Zsb mL) was added, the pyridine removed under reduced .

pressure, and the oily precipitate was collected and added to

-]

boiling watef (150 mL), A small amount of charcoal was -

o A\V,

' added to the’ liquid which was then filtared and alIowed to

cool, giving colorless leaflezs (6. Og, 60%) mp° 193-195°C

(lit 196—198 c). : . o ot
1~BENZOYL=4~PHENYL THIOSEMICARBAZIDE : B
, S—— “——l‘—* “‘—-_—T———T—-—‘_

&-Phenyi thiosemicarbazide (16.7g, 0.1.moles) was powdered
and suspended in dry pyridine (100 mL) cooled to -Sq, and’ . :
benzoyl chloride (ld.bg, 0.1 moles)nwas added dropuwise below’

o

6%, After 12 hours of stirring during which room emperature

was attained, watar (500 mL) was added, the pyridin removed.

"\"
N
under reduced pressure, and the precipitate,(l?g, 63%) was
collectad and recrystallized in athanolz mp 163~165 ° (lit. . ' -
155::). ~ - . ' S
) ? Ve '0 ’ o
A ' '
! . r~r\
| D -
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SUBSTITUTED TRIAZOL INE=-5~THIONES . * ) S

. N - . .

4-Phenyl-1 s244-Triazoline~5-Thione,

v
Sy
«

. This compound was prepared according to the method of Zotta

o

and Gasmet (2)

-

After dlssolv;\.ng metallic sedium (2.3q, U l’oles) in

abaolute ethanol (100 mL), M-phenylth;osemicarbazide (36,74,

3

0.1 moles) and ethyl formate (Sg,, 0.87 moles) were added.

The mJ:xture was refluxed for thre¢ hours and more ethyl f‘ormate
(5q, 0.07 moles) uwas added and ths mixture ‘ref‘luxed f‘or anothar
five‘hours. \Thalsolutlon was evaporated to'dryness under vacuum

Al o

-

onh a rotatory ‘%vaporator. The solid resxdue uas dissulvad in

.- solution of sodium hydroxlde (2.09). .in uater (450 mlL) and

(1it,

\
1}

filtprqd from a,small amount of undissolved n‘!’atuenal. The
filtrate was acidified with aceti}:‘acid (3g) in vater (30 mL)

to precipitats the product which was then filtered, drained,

t

- well and recrystallized from water (14.2g, B0%):mp 168-170°C

- f \l
52'168-}7000);‘NMR 7.58 (m,5 H), B.67 (s,‘: H), 13.8 (s, 1 H),

o '

s P s S e o
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' 3-PHEN?£-1}2.4:TRIA20LINE-54THIDNE. - (method A) -

©

l-Banzoylthiosemicarbazide (3. 99, 0,02 molas) waegpdded
i

to a, solution of aod;d% (l Sg, 0,065 moles) in methanol (S0 mL)

‘and the mlxture was gen&ithg;ted under Teflux for 12 hours,

()
After evaporation to dryness ‘under reduced pf;ssure, the rgsidue

was dlssolvad in watef (100, mL) A small amount of charcoal

r o~

_was added and the solution was filtersd them acidified with 10%

N .
acetic acid, The product which ppacipitataﬁ (25g, 71%) wea filtared,

drained well and recrystalliZed from mater:ghp-254-255°0 (lit.38

ki
-

f
-~ . ]
[

) from weter)\ (11t.°

3=PHENYL-1,2,4-TRIAZOLINE=5=THIONE, - (Method B)

. Hydrazine hydrate (72.1g, 1.44 moles) was diséolva% in

. -»
.sthanol (130 mL). The solution was stirred with a magnetic -

btirrer'and cooled in a wataiéica bath, ‘Bedioyl }sotyiocyanate
(359, ﬁ.20 moles),uhs a&ded dripwise during five Mminutes. The
temperature rose to.55 % and stirring at room temperature was
continued overnight, The clear, pale yellow liquid- was evaporated

under reduced préssyre, the residue diluted with water (200 mL), .

made strbngiy acid with 1N HC1 and the precipitate was ground

I, in a mortai with 1IN HC1 (100 mL) and the solid again épllacted

(8.1, 23%) and washed with water: mp’252-255°C (crystaliized

38 256%), o S

256°C),
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. 3.4-DIPHENYL-1,2 4-TRIAZOLINE-S-THIONE. - e
1-89nzn§1-4sph§nylfhiosemicatbazide (S;Ag, 0.02 moles)
was added to & solution of sodium (1.5g, O. 065 moles) in \ - e
methanol (50 mL), and the mixture was gently heated uynder re- '
flux for 12 hours, After avaporatlon to dryness under reduced
b 4ﬁ¥es?ure, the réqidua was dissolved in watéf’“ 00'mL)., A E ) -
small aﬁount of charcoal was added and the solution was filtered - '
then acidified J;té 10% acetic acid, The p;ecipitaéé (2,1g, 42%)
was flltered, drained well and recrystallized from e€ﬂanol. ALBBO—

282°c) (11£,%° 202 oy, - :

’ d-PHENYL-SeL;A'&PHENYL-SJ-(1%2,A—TBIAZOLINE-S-THIDNESI]-

. - METHYL MERCAPTO 1,2,4-TRIAZOLE. I ,ow L,

_ 1-[ 4'-Phany1—5'-(1' 21, 4'~triaza1y1{] mercapto acetyl-
4-phenyl thiosemicarbazide (2.09, 0.0052 molas) was added to
a solution of sodium hydroxide (4,09, 0.1 moles) in water.
‘ (50 mL). ‘The mixture was reéluxgd for one hour then allowed
.*ifgvﬂ\‘ to cngl to room temperature. After filtering, the solution ‘ ‘{\‘-N\\)
. was acidified with hydruchloric ;E\B"(Z 69, 0. 07‘moleé) in water
y ";‘{ (?0 mkL), and the. rgsulting pracipitate (1.38g, 73%) vas filtared,
+" washed with cold uatar and aquauua alcohol: mp 180-185 C (crystallized !

" from uater);(NMR 4.1 (S, 2 H), 7.50 (M, 10 H), a.az (s, 1 H),

. 13,8 (Broad, 1 H). : : ‘ ’
RS Anal. Calcd for C).H) NeS,: C, SS. 73, H, 3.82; N 22.94; s, 1748 .
s . < ‘ [ .
- .. Founds C, 5. 52; H, 3.855" N, 22.77; s, 17.48, * '
P : S ; y !
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TRIAZOLYL-5-MERCAPTO ACETATES ~ ’ '
- . W ! .
ETHYL ‘3.4—DIPHENYL-L,2.4-TRIAZOLYL1§) MERCAPTO ACETATE.

This bohpound was prepared according to the method of
? . . T —

Gehlen and Demin (S3).

Soﬁium hydro§ide (0.44g, 0.011 molesi was.diésolvea in an
ethanol (20 mL) and water (20 mL) solution. 3,4-Diphenyl-l,2,4- :
triazéline-s-;hione (2.78g, 0,011 moles) was then added to the
solution followed .by freshly distillad ethyl monochloroacatate
(l.?&g, 0.011 moles)., The reaction was refluxed for four hours
and then cooied to raom temperature upon which the product P °
precipitated out of solution,” The solid materiaiJ(Z 289; 61%)
was then filtered and recrystalllzad from ethanol: mp 99 - 102 °c " .

54

(lit. 103 c) ' .

ETHYL (3~PHENYL~1,2,4-TRIAZOLYL=5) thCAPTD ACE}AfE, .

This compound was prepared according to the method of Gehlen

and Demin (53).-

Sodium deroxide (0.44g, 0.011.méles) was dissolved in an
éthanoi (20 mL) end water (20 mL) solution. 3-Phenyl-l,2,d-
tniagoline-é—thione (2.0g, 0,011 moles) was than‘adéed to the
solution followsd by ;ggshiy distilled ethyl monochloroacetate
(l 39g, 0.011 moles). The reaﬁtion ‘was rofluxed for. four hours

o

and then coolad "to room tamperatureaupon which the product

4
precipitated out f solution, The solid material (2.239, 77%)
was then filtered and recrystallized from ethanols mp 107 - 109°%,
‘Anal, Calcd for °12“13"3°zs‘ €, 54,753 H, 4.97; N, 15.963 s, 12,16,
Foundz C, 54.57; H, 5.033 N, 15,76, S, 12.03. e
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3

ETHYL(&-DHENYL-I;2,4—TRIAZBQYL-S) MERCAPTO ACETATE (
This cpmpound'was preparsd according éo a mod;fied method
of Géhlen and Damin (53).
Sodium hydroxide (0.44g, 0.011 moles) was dissolved iﬁ
.an ethanol (20 mL) and water (20 mL) solution. 4-Phanyl-l,2,4-
triazoline-S~thione (2(09; 0.011 moles) was then added to the
solutibn follqwad.by freshly distilled ethyl monochloroeéet;te :
(1.39g, 0,011 moles),” The %eactionluas refluxed for 24 hours
and after cooling to room temperature was sgaken for 15 minutes
’to precipitate the prpduct (1.71g, 56%) which was then filtered, -
and recrystallized from a 50% ethanol = u;ten solution: mp:BG‘- GBPC ’

52

(1it, 1257C); NMR 1,17 (t, 3 H, 3 = 7 Hz), 4.09 (s, 2 H), 4.19

(a, 2 H, 3 = 7 Hz), 7.58 (m, 5 H), 8.88 (s, 1 H), B

-~

Anal, Calcd. for C, H..N_0.S: €,y 54,753 H, 4.97; N, 15.96; S, 12.16. -

. . 12 13,312 ’
(,. ' +  Founds+C, 54,59; H, 5,01; N, 15.78; S, 12.11.\

(i—PHENYL-l;g)d-TRIAZULYL;S) MERCAPTOACETHYDRAZIDE : . \
Ethyl (d-phenyl-l,z,A:triazolyl-é) mafcapéoacetate (2.0q,

0.008 moles) and hydrazine hydrata,(l.OQ, 0.02 moles) were added 1

to.absoluﬂg ethaﬁul (20 mL). The mixture was refluxed for one

hour and -upon tooling, a volumlnous white précipitat; yés obtained,

Tﬁe'solid‘?gteriai (i.sg, 75%) was tﬁen filtsbeg'and recrystallized.

52

fros toluene; mp 152 = 1aa°c '(lit. 153 - 156°C); NMR 3,88 (s, 2 H),

e 4,30 (broad, 2.H), 7.55 (m, 5 H), a 83 (s, 1 H), % 30 (broad, 1 H),

« -~ TN
, 2 N 5
.

e T Founds- C, 48,303 fI, 4,607 N, 27.93; s, 12,59,
Yoy (J,\,’,""‘.“ ’ )

|
F
t
b
x
sty

_/ o , - Anal, CaICda(fffjﬁHilN DS. c' 48}19’ H 4041, N 28, ll, 51%850.

iy
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;:}[}‘-PHENYL-S'gﬁlj,AZF, a'-TRIAZOLvLil-mERcupTdACETYL-a-pHENYL-
THIOSEMICARBAZIOE, _ e . |

. o,

(4=Phenyl-l,2,4-triazolyl=5) m;rcaptaacethydrezide (0.97qg,
0.0639 moles) was added to refluxing absdlute ethanol (30 mL).
Phenyl‘isothiocyanate 46.539, 0.0039 moles) was then added drope
wise to the béiling‘reaction*mixture which was allowed-éo boil
‘for a fﬁrther 15 minutés. The solution was cooled, and the
resulting precipitate was-filteréd and washed with cold abaoluée
sthanol andidiethyi sther, The product\(l.dﬂg, 93%) was crystal-

lized in absolute ethanol: mp 179 - 181°C; NMR. 3,98 (s, 2 H),

7.22 (m,5 H), 7.57 (m, 5 H), 8,87 (broad, 1 H), 9.67 (broad, 2 H)§

.

10,35 (broad, 1 H).

Anal, Calcd. for_cl7H16052: ¢, 53.123 H, 4,165 N,-21,87; S, 16,66.

v

Found: C 52.96,tH, 3,995 N, 21.62; S, 16,73,
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SUBSTITUTED 1,3,4-THIADIAZOLE

d-Phenyl-S-[zS'-Phenyl Aminq)-Z'-(l,3,4—Ihiadiazolei] Methyl
'

Néréapto l,2,4=Triazole,

1- [}'JPhenyl-S'-(l'% 21, 4'-Triazoly1§] mercapto acetyl-4-
.pﬁanylthiosehicatgizide (2.0q9, 0.0052 moles) wgs slowly.édded
to concentrated sulfuric acid (l? mL) at low temperature (-5 to
fSOC)f Afler standing. for two Hours thecsolution was filtered
and neutralized at 0°C with a solution of ammonium hydroxide

(3695.in water (120 mL), The ;esultingfprscipitata (1.5g, 79%)

was fi tgred and washed with cold water: mp 145 - 150 (crystalr

[

2]

/1ized from agueous methanol); NMR 4,66 (s, 2 H), 7.50 (m, 11 H),,.

8.93 (s, 3 H),

1716 672

Anal, Caled, for C,.H, NS : C, 55.73; H, 3.82; N, 22,94; S, 17.48.
Found: C, 53.42; H, 3.78y N, 21,83; S, 16,83,

2-ANINO¥5-PHEHYL—1.3,&-THiADIAZDLE. B

x

1-Benzoyl thiosemicarbazide (2.0g, 0,010 moles) was added to
a solution of'concentrated sulfuric acid and water\(do mL 50/50),
* during 10 minutes, The beaker conéaining the reaction mixture ,
was immeréeq\én an oil-bath maintained at 120°C, and kept there
for 30 minutes with contiﬁuai stirring, ‘THe solution was then
cooled and diluted with waten to 100rmL. The addition of excess
ammonia solution formed ; precipitate. The product (1.2g, 70%)
' was racrystallized fséwraquaouS'alcohol (25% wagep) giviﬁg colourless

square plates: mp 219 - 221°% lit.38 224°C).

- -
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: DISCUSSION " )
‘. )2 L
‘The Reaction Segueﬁbe and Machanistic Routes Leading To The

\

Intermediates And Products,

Intermolecular an& intramolecular candensation reaétions

involving thiosemicarbazides and their derivatives are major

N\

synthetic pathways ﬁsed to produce substituted triazoline~=5-
thiones., Our initial aim w:: to investigate the reaction of
mono substituted hydraziAas with alkyl and aryl isdthio-
cyanates to form substituted thiosemicarbazides, The aryl

hydrazines used in this work were sither commercially available

Lo

h
or prepared by the reduction of their correspcnding_ diazonium
sa1t357. Faor example the preparation of para=-bromophenyl=

J

hydrazine was as follows:

’ ‘ L) ' —_— + -

NH2 NH2 HC1 o ‘ N=N " C1
' ' | I

lix/\ + H c1 -ﬁ © . NGNUZ \ . /,,§" .

~

' ’ R '
Br - . Br Br
L] ’ V'
- 6)0
H H H
N - q;y «HC1 SN o=~ Ny
R A
< . N
[y v l . , . > I .
\\// Z '
s ' ‘
Br Br

Scheme 1, The Preparation of para~Bromophenylhydrazine.

36



Methyl hydraziné, the only alkyl hydrazine used was commercially

. available. The mono substituted hydrazines were reacted with

'alﬁyl and. aryl iéethioéyanates in refluxing ethanoi (7B°C) and

at_low (-5°C) temperatures to produce 1,4 and/or 2,4-disubstituted -
hl

thiosemicarbazides, UWhich one of the two isomeric thiosemicar~

bazides was formed, was found to depend oé both the reaction

temperature and the substituent ‘on the hydrazine;molecule, ) =

s

H H L H s .
<N =N+ ReNzC=z8§ =3 JN-N-C-N
R H R . - R

J
=

|
=
' -
o
]
=<

} s
Several of the 2,4=~disubstituted thioéamicarbazidas, on
neatﬁng, were foind to isomerize to 1,4-disubstituted compounds,

pdaiiﬁly through an intramolecular diaziridine type mechanism,

A, - . -

3.

- - mprine  ph e g poww o et o b N A L 3 . Il
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Our further aims in this project were to prepare subistituted

%

-

1,2,4—triazoline-§-thionea. and with fhage compouynds as po%fible
Qtarting mat;rial, to devise a sfnthétic route leading to the
formation ¢f novel bis i,2,4~triazol§ type compounds, Three
routes were utilized for the preparation of substituted 1,2,4-
triazoline~S~thiones, The first involved the reaction of an f
aroyllisbthiocyanate with an excess of hydrazine hydrate undﬂf
slkaline conditions, The aroyl isothiocyanate was prepared

by £hs'actioﬂ of potassium thiocyanate on the appropriate

aroyl chioride. |

.0 @

N\ - ,
S ¢ LN T
KNFS’ + @ =)} C - NaC=S +H,N - n\-H H,0-
— e
R .

0 "H S H
) 1 " |
. C-N-C-’N-N
O
R.” '
b a——

Scheme 2, Synthetic Route -al,Liading to Subatituted 1,2,4-
‘ Triszoline=S5=Thiones. -

L4

¥
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The second ro'ute‘involved the benzoylation of 4-substituted
N - .
thiosemicarbazide followed by cyclization in base to give

a

3y4adisubstituted 1,2,4=~triazoline-5-thionss,

o . . N
" Y e L M pyridine 0B NS
,L=C &+ JN-N-C - N —> L-N=-N-C-=N
Ar ‘ F{z =5 AR : R
" 2
T s
) ’
&
/H q
N—N
C// ‘ \C
i - AR /S )
N i
' #
R2
Scheme 3, Synthetic Route - 2,lLeeding to Substituted 1,2,4-
Triazaline-5=Thiones, : - N
I - »
The intermolecular condensation of 4 substituted thiosemicar- ‘
_bazides with ethyl formate in the presence of ba’se is the
. {:hird synthetic route, It was used to:produce 4-substituted ‘
‘  '1,2,4«triazoline=S5-thionss,
" H H
H ' e /
yoN - N OR™ /N\——- N,
H C=§ —~——) H-C ce? .
N 7 N/ o
N < N J
1 ! .
R - R
oot Scheme 4, Synthetic route -3,Leading to Substituted 1,2,4-
Triazoline-S~Thiones, )
/) \
AN
N N
1 N‘

-
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| / \ ' 40 h ' /N""N\ ' 0 S ’ h
S«CH,_=C + QNCS . . - oW g
H N /- 2 NNHMH,, - —_— /4" )—S—CHz-C-NI:i‘-NH-c-N
A .
L . i

N .
5 Loh

The reaction seque;;e leading to the novel bis1,2,4-
triazole type compounds involved alkylation of the aub;titutad
1,2,4~triazoline=5~thione with ethyl monochloroacetate to \{
yie;d the corresponding S-substituted eséer derivative,
obﬁaining the hydrazide of this compound by reacting it with N
hydrazine hydrate and condensing the hydrazide with an aryl
isothiocyanate to giveua aubétiﬁuted lwacetyl=d-aryl thiosemi-
carpazide which on cyclization with bqaa yielded the novel end T

product. . ol
Pt ‘ © N—N

" oy T
' e R
R

' N - 0 ' | 0
/ c1enc?  NeOH ,r<2l j§_-s-cuchf
s~ 2\, ———> H OEt
H ’ - .

)

\
CeHs

b

’ M . ;
Y inaed NEE —N C-
CUNL LN
’ H,{(\‘~‘§§-5-§H24<t\~ 5 o /(
| & ‘ és"s ’ .

Scheme 5, Reaction Sequence Lhading’tOLbIs 1,2,4=Triszols
Typs Compounds, : ‘\ﬁFL
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THE REACTION OF ISOTHIOCYANATES WITH MONO SUBSTITUTED HYDRAZINES

This reaction was initially examined in the 1890's by U,
Marckwald who concluded that phenylisothiocyanate reacted with
phenyl hydrazine to yield‘two isomeric thiosemicarbazides of

the following structure.Se

-

» . * H
SH ‘ i HS /
‘ =N , ' N o
T N H, A F 6"
. i ~ P ~
N v, Ll
CeMs 6's C.H.-
. ‘ —_  “g's
ANTI : . SYN,

This was sdbeaqueﬁtly corrected by M,Busch and H,Holzmann

‘who proposed the 2,4 and 1,4 diphenyl thiosemicarbazide isomers.sg

He U85 o K He  f.. M
H/N-NTC-N\ * /N—N-C-N\
: 1 2 3 4°ch, G CeHs
J 4 . : ﬂ
& 2,4-diphenyl 1,4-diphenyl
thiosemicarbazide, . thiosemicarbazide

‘Busch later investigated the reacéion.of several monosubstituted
aryl hydrazines with phenyl and methyl isothiocyanate under
v;rious reaction conditions, He found that at-low reaction

.- . temperature ( 0°) the major pfoduct formed was the é,af-diaub-

stituted isomer and conversly at high reaction temperatures, '
s - <

4

. 1
N -
. * .
. . . . .
‘ v .
' .
. o
. - . s . N
° . *
.

T T s o o - 2
R 3 Ty g O B . - N
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the l,4=~disubstituted igomer was the major product farmed.

Busch also found that the 2,4-d13ubatitbtéd isomers could be

isomerized into the more’ thermally stable 1l,4-isomers in most

~cases only by prolonged heating of thecisomers above their melting‘

point.60 »61. More recently. KA. Jansen, working with alkyl. hydrazinea
14
concluded that the reaction of monoalkylhydrazines with varioua > ‘

substituted isothiocyanatas at room temperature, always yialds

’ 2 4-dialkylthiosamicarbazides as the primary product, and that

ths substituent on tha isothiocyanate seemed to be almost with-

out 1nf1uence on the course of the raaction.62

% 4
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. "molecule wii; be referred to as the @-nitrogen,

[
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THEFREAI‘ILO'N OF_ISOTHIOCYANATES WITH HYDRAZINES.

-

The reaction wyas carried out in absolute ethanol at two . <
S F'S /

, separate temperatures, In the first case the isothiocyanate ) T ) *

was added diopuise to a solution of!the hydraz&ne’maintained

Al

" at approximately =-5°, whereas in the second case the isothio-

[}

cyanate was added dropuise to the refluxing hydrazine solution,

-+ * & ) R . " °
. R 'S .
v . absolutse 1 n
HN=NHR » R =NCS ~ 2000°U> CHN-N=-C- MRy %\ ] N
. ©(1) -s° ’ T S
. . o - 2,4=disubstituted thiosemi=-
N ’ (2) 79 carbazide, BN
. o N . ) .
+ , ‘
- . ~ ” f
. S RNH = NH = C = NHR, -

S '

l,d-ﬂisubstitute& thipsemi-
. carbazide, L

\

- . . b
-

The resufts of thé"ra;ction carried‘out at rSO ars sum-—

i

marized in table :\7_, and those for the reaction.carried out at

790 are°summarized in table:ii. For pﬁrpose of ﬁhis 6iscussioh,

©

" the alky or aryl substituted nitrogén atom of the hydrazine

™

4

) . ' . ]

. . / -
- . Hz N - NHR |
i 2 ‘q Q - . .
. - R ~
“ .
; ' . . . "
L] ] }
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Analogous to isocyanates, the reactions and. reactivity of

46 C \\& J

isothiocyenates can be understood by considering the elsctronic

structure of ths isothiocyanate group and the effect on this R

~structure of various groups attached to the ﬁitroden aton,

The valence bond resonance structures of isothiocyanate

can be represented as follows: ' . ¥

L d

+ ) ’ + -
R=N=-T=S 9R-N=C:SHR-‘NSC-5

Minor : Major

P:l:tential nucl'aophilea such as one of the nitrogen atoms
of a mono subst\itutad hydrazine molecule will add to tho. carbon
atom of the polarized azomethane linkage of the isothiocyanate
_group, N"egl'ect.ir'té steric factors, any electron qithdrwing
group a.ttachad to im 1sothiocyénatd will increase the positive
charge on the carbon atom, Qnd thus incroiaé the u;ctivity ’ —
of the isocyanate touard r\nucleaphﬂin attsck; In the sape . ‘
manner any electron withdrawing group attached to one of the
nucleophilic nitrogen atom of a hydrazine moleculs will decreass

the nucleophilic character of the nitrogen atom it is attached )
' to and bo:ca its rsactivity towards the azomethane linkage of
the h?thiocymto Qroupe. Tl"tio is dmn;tut-d in table I

\ .
f \ -
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where it can be seen that the greater the electron withdrawing

group on the nitrogen atom of the hydrazine, the less involved
[]

4 . v
it is in reaction with the isothiocyanate to form the 2,4~disub-
| N .
_stituted thiosemicarbazide. This may be summarized as follows:
~ E
. ' ' fHZNI- N‘H R -
. M P +
. ' Ry=NCS o
A\
~
.“ a—— »
‘ . !
o R H S ) 7 R S,
L N ' ‘ ¢t e
HN -‘? - (= N‘- Rl ‘ X + "2 N -,? - F - N e Rl
H - | " )

. . ’ A ' a \.
P-Br (CcH,)> CH Y POCH, (CGH )P CH, |

: y2
)
. Electron withdrawing,
o . Inductive ~
\ ' ‘ Effect
" : . Schéms 6," The Effect of R-Substituents on The Condsnsation of

Iootbiucy-nltos°u1thlHono.uhltitutod Hydrnzinns.

o
»

P ettt A=



T AT

b b A gt % A N T & W € SR gy b

NN e e e e e o,

S

v

48

=

" Both intermediates rearrange by a proton_nigratibn to the final

products, The same effect is evidant in. table E which sum=
marizes the reaction performed at,799, dlthough somevhat

more of the l,m-iéomer vas formed here, It cam also be seen

from tables E and E that the substituent on the isothiocyanauta

\;:hather alkyl or aryl exhibited little effect on the ras_plting

thiosemicarbazide product distribution. ' .

Separation and quelitative evaluation of the reaction

products was accomplished with thin layeér chrematography, while

]

the constitution of an iaoNs determined from literature

hY

\ ) I
- melting point velues end from infrared analysis since only the

2,4-isomer shows an NH, deformation band in the 1600 - 1650 Cm~
[ - ¢ '. - -

s

a

region,

1-
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. THE ISOMERIZATION DF‘SUNE 2,4 DISUBSTITUTED THIUéENICARBAZIDES‘

The 2-paFa-methoxy =4~phenyl thiosemicarbazide, anq’thé
mixture of 2,4~ and 1,4~ isomeric products obtained from the
reaction of methyl isothiocyanate with phenyl hydrazine, were
dissolved in absolute ethanol and refluxed for 24 hours;"’ﬁ;aer
these conditions, the 2,4~disubstituted thiosemicarbazides / ’

isomerized to the more thermally stable 1,4-isomers,

- R S " A " H S ”
] " 7 1]
SN-N-C s —— \N-N=-Ca=-nN
H E¢OH R : Ry

The above mentioned tuq thiocsemicerbazides were then 1sbmerized'
together under the same yaaction conditions, If thgfisoherization
occurs by an intermolequtar paépwa?. such as the bré;king up of

- the compound into a substituted hydrazine and a ‘substituted
;ootﬁiocyannti and then recombining again into the thdrﬁally

; e
' favoursd isomer, then the following four productg.unuld be

sxpecteads
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LY
p-OCHSCSBA‘S‘ ‘ H '06 a
H ) H tH T
SNaNaC=nN + )N-ur-c-.nlf’“
W - . . ~
CeHg CH
w»
E40H VA .
H s
H i ® H
SN =~ N-C =N
p~OCH.CH, CeHe
—~ .
+
H S
H | H
: -~
iy >N-N-C-N\CH
’ 64 "3
*
—_— L4 ] s o
t o H :
ASnan-c-ng
‘p-DCHSCBH‘ I':H3
L 4
‘ H s !
H " 1 & - N
SN=N-C=N . -
C.H
65

3

Scheme 7. Possible isomerization products of a Pair 2,4-
~\ Disubstituted Thicsemicarbazidas, '

s
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'As determined by thin layer chromatography, no l-paramethoxy-

S
vt o ey nb g =y = e

4=methyl thiosemicarbazide was formed by this reaction. The .

Rf values of the other three 1,4-disubstituted compounds wers

N
too similar to conclude that 1l,4=-diphenyl thiosemicarbazide was

i
not present as well, Since this evidence favors an intramolecular
isomerizatién process, the following intramolecular dieziridine

i

type mechanism is proposed.

| I:‘\ /H
H R § " A N\-/N
N\ t B 7 )
H/N - N - C& - N\Rl | : ; : y s/C\NH
]
— Ry
il -l .
7/ l ‘ \(.
A S : :
H ' ] )
N\NNaNeCe u(“
) ’ R Ry
"U‘ ‘. ¢
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E PREEARAT:DN OF SUéSTITUTED 1,2,4~TRIAZOLINE~S~THIONE'S

1. The Reaction Of Hydrazines With Aroyl . Isothiocyanates,

Benzoyl iaothio‘cyanate hes been ah;)wn to react with
phenylhydﬁra_zina to give mainly ﬁ-benzoyl—l-phanyltﬁiosemi—‘
carbazide.ss More recently it has been found that if the
isothincyanlate was dropped into an excess of hydrazine, a
mixture of 3~phenyl-l,2,4~triazoline-5~thione and benzoyl

hydrazide was formed. a

B , ~ 7] .
H s ] '
H H 0, S ton Ho N—
H,N-N<H.H20 + C=N=CesS —?“2"'"‘°'“<C// - A)\
: d
a
. . - \ C_H S
 (excess) @ O 65 ':’
, ~ H 4
L-l ¢
=~ 0
n
A
- R” “NHNH,

Preéumably 4—banzoy'1 thiosemicarbazide is formed first and
then spontansously cyclises with loss of water, - This msthod
was initielly utilized to producs S—phonyl-l,z,d-triuolino_-s-
thiona, The benzoylisothiocyanate was brepar;ﬁ by refluxing

potassium thiocyanate with benzoyl chlorida. in dry benzene, 66

3

. o, £l 6 0, N=C=S5
KSCN v c ———% N c ‘
o ’ B8snzene !

P P S

b}
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" The yield of 3J=-phenyl 1,2,4=-triazoline-5-thione obtaired
by this procedure was only 23%. This drawback prompted the
search for alternats routes for preparing 3 substituted 1,2,4-

triazolina-s-thignes.

N
‘

I The Cyclization of l-Benzoyl Thiosemicarbazides,

——

Originally Marckwald and Bott, as well as Oates and Youngs
prepared l-benzoyl derivatives of A-Eryl and 4-alkyl thiosemi-
. s
carbazides by reaction of benzoyl hydrazide with aryl and alkyl

67,68 Hoggarth has prepared 1-bahzoylthiosemi-

isothiocyanatas,
cafbazida-by three separate routes: By the-reaction of benzoyl=-
bydrazide with ammonium thiocyanate, by cautiously heatiﬁg thio~-

K\/?amicabbazide with the theoretical amount of benzoyl chlorids,
and by benzoylation in ice-cold pyridine?8 The latter route was
found to be the'most convenient, evenlthough small éuantigigé
of 1,4~dibenzoylthiosemicarbizide’ were obtained, Oue to dif-‘
ferences inutﬁeir solubilities, the two products were easily

' separated,

: ' H H S
0 " T 3 Pyridins o L

N .

. ) -
e n

Do
-
N O

o
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- ' VR , 1
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1l ’ N 1
/ .\H 1] =
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| R, R Yield
-HJL ) -2 ‘ * epm— . - St
~ Phenyl I - _
Phenyl - Phenyl A% . L
3,5-dinitro Phenyl H —
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This method was employed to prepare the following 1,4-di=

substituted thiosemicarbazides,

.

“(1). R, = Phenyl and R, = H
N

2

" (2) Ry = Phenyl and R, = Phenyl

2
(3). R, = 3,5 dinitrophenyl and R
1% % 2

= H

-
~

The l-benzoythinsemicarbaiides wera boiled in° alcoholic -
' &

sodium ethoxide to form, with the elimination of water, the

following substituted 1,2,d=triazoline-5-thiones:
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Onfy a black tarry product was obtained whenlgzg}ééigion

»

of 1-(3,5 dinitro benzoyl) thiosemicarbazide was attempted.

In contrast to the foregoing,benzoyl thiosemicarbazide was a;sd.

refluxed in an acidic media to give @-amino-S-phenyl 1,3,4-

thiadiazole, Th9 importance of dehydfating 1-benzoyl-thiosami-- '

k3

carbazide under alkaline conditions to obtain triazolinesthiones

was originally expounded by Hoggarth.38

A 1
. H g NaOC Hg o
‘0 AN 't . — . N =N
N /N‘N‘C‘NH /4 X
C 2 & . .
’ ‘ R Xy C_H s
CeMs . \Q i 65 N .
) H H
oo /
\ . N—N
-0 o , C_H /lz\u N
' 65 S NHz K

1)

1 'The Reaction OFf Aliphatic Acid Esters With 4-Substituted :

v

Thiosemicarbazides.
;3 R ~
Certain mono~. and di-substituted Semercaptotriazole derivatives

have been synthesized in very good yields by’'direct condensation

N

A}
3]

of aliphatic acid esters with substituted' 4-thiosemicarbazides

in the présence of alkaline agants.52

?
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PREPARATION #0F s-suesﬁ"’frurso ESTER DERIVATIVES OF 1,2.4~TRIAZOLINE-

’ . Y

-5S~THIONES, . « oy
Initially attempts to prepare S-substituted ester derivatives,
according to a procedure followed by V. Zolta and A, Gamet, wore

unsuccessful, This method involved dissolving the pa;rent triazols

in acstone and adding ethyl monochloroacetate to the refluxing ° ﬁ‘.ﬁ
. 52 ¢ '
solution. ~ After 4 hours of refluxing, only the starting material ;
’ /
was obtainad.- - . . /
- -/
/

The fallouwing substitut%d sthyl (1,2,4~triazolyl~5) mer- ,
captoacetates were praparad, by refluxing the parent /

- 8

1 Z,A-triazoline-s-thiones with monochloroacetate in the presence .

i
t

of sodium hydroxide. This procedure ‘was: utilized by H Gehlen
! o \ ,

]
1

.7

and P. Oemin.

, N<N 0 )
. N4 \ Vs .
© 'R,-C €-5=CH - C_ \/
] : .
Ry _ .
; 13
. oo Ester carbonyl
i \ . absorption freq. et
(1) R, = Phenyl, R, = H ‘Yield: T77% 1720 (s)
{2) R, = Phenyl, R, = Phenyl Yield:. 61% .+ 1730 (s)
(3) Ry B R, = Phenyl Vield: 58% 1730 (s)

v
-

%

I



SYNTHESIS_OF "4=PHENYL-5 [ 4°=PHENYL-3'=(1,2,4-TRIAZOLINE-S-TH1ONE)]
* PETHYLMERCAPTG 1 ,2,4-TRIAZOLE ,AND 4-PHENYL-S= [ 51-PHENYL AMINO)
=29 (1,8,4 ~THIADIAZOLE) ] METHYLMERCAPTO «1.2,4-TRIAZOLE,

) 2 ‘ ) R
As depicted in scheme S5, ethyl-(4-phenyl-l1,2,4=triazolyl-

2 .

o i e o arE T

5) mercapto acetate was reacted with hydrazine der;te t6 give

‘ i ' the hydrazide &eri&aiﬁva which was condensed uiﬁh phenyl iso=-

§~. T th;ocyanatgito y;gld’tha substituted I:acefyl-d-phanyl thiosemi=-
? A f cﬁrbaziée which on cyclization under the influence of alkali,
formad 4-phany1—é [4'-phepy143'-(1,2;Aétriazolina-s-thionei}

. methylmercapto - 1,2,4=triazole.  The IR spectra of this com- -

¢ s . pound contained an absorption fraquency at 1325 Cm'l, prabably
. " due to, the thiocarbonyl strgtd‘igg/vibqgtion. When the substituted

£ - Y ; ,
l-acetyl-4-phenyl thiosemicarbazide waabcyclized under the ine’

fluence of acid, the result was the formation of 4-phenyle=5e

[5'-phen§1 egino) -2'(1,3,4—thiadiazolj] methylmercapto-l,2,4-

triazole, . : ‘ .
) r .
) : )
i ! - ~
¥ "\Q-
e
1
- ° \ -
- ‘59" /‘
. 4
/ \ s -
¢ o .
L}
v ! . ° -
3 L} ] - ‘
N S . ! \
» ‘ *
vy " '
. - -
\r’ e { -
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Schems 8,  Acld and Base Cyclitation of 1"-[0 Phenyl-5*(17,27,4t«.

“'l:ruzolyl)]Htrcaptoaqotyl-d-Phenil Thiosemicarbazide,
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SPECTROSCOPIC STUDIES

ULTRA-VIOLET SPECTRA . =

9

The ultra violet ;paéfra were recorded on a ‘Unicam - 600
( ' +
Spectrophatometer, using a slit width of 0,001 mm, and methanol

in the reference beam, The oFganic compounds were dissolved in
methanol at a concentration of ab&ut|0.02 g/l. Tables VII, VIII
and IX summarize the spactra of Substituted 1,2,4—triazolina- |
S«tHiones, 5-substituted ester derivatives of 1,2, 4-triazoline-

S5=-thiones, and 2,5 disubstituted 1, 3 d-thiadiazolas. "

UV Spectroscopy has been used to differantitate betwesn N
and S substituted derivatives of 1,2,4-triazoling=-5-thiones, .

The spectra'pf the N-derivatives are similar to those of the

starting thione, whersas the S-derivatives are not.19

Lauson and Morley have shoun that S-methyl derivatives .

-~

~o('é-mercapto-benzothiazole absorb at lower wavelengths, with
\ ° M

a gragt reducﬁion‘1n°intansity.69 By compéridb the data in
tables VIII and IX,‘;t can be -seen that the S;BUQStituted ester
derivatives prepared, absorb at lower wavalangthé than their

parent compounds, indicating that the alkylation has occurred

on the sulfur atom, '
{

y - \
The UV spactra‘of 1,2, 4-£riazolina~5-thionas and thair

isomeric 1,3, 4—thiadiazoles are very dlfferent and serve as a
* . g 4
basis fnr‘digtinguishlng.thasa compounds.70 ‘
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G.A. Reynolds and J.A. Van Allan have foupd that 1,3,£-

thiadiazole compounds exhibit an absorption peak at longer ) ’

«

wave lengths than their isomeric 1,2,4-triézaline-5-thioné

- darivativés.7° A comparison of the data in tables VIII and IX

shous that the 2,5-disubstituted I,3,4-thiadiszoles exhibit o
\ .

é large absorption peak at approximateiy 300 (NM) which does .

not exist in their isomeric 1,2,4-triazoline-5~-thiones,

& gl
R
Bagsomir -
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Teble VIl  Ultra-Violet Spectra Data of 2,5-Disubstituted-1,3,4-
Thiadiazolses, .
'A
..-N)
Rz S Ry
y
] //
Ry R, ) Wavelength Molar Extinction Log £
' (nm)® Coefficient, §x 10>
~NH,, Phenyl 210 6.2 3.8
220 (SH) . 5,3 - 3.7
‘301 , 12,5 4,1
NH NN \ I
oy MQ 3\ , 211 N 14,4 4,2
5 . .
° N S-CH, - 243 (sH) . 8.0 \.9' r
. ' 302 12,9 A
EeHs ) : .
' .\
[
N\
., B
) ] g

RSN
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Table Viil Ultra-Violet Spectra Data of S-substituted Ester
| Derivatives of 1,2,4-Triazoline - 5 - thiones,
; : :
— ’
' ,;-—-N , \
) , \ .‘ a
2
~S§ = CH, =C
R A ) 2 AN
2 N 0C,Hg
Ry ,
Rl Rz Wave Length Molar, Exfinction Log &
- (rm)? - Coefficient, £ x 1073
)
H Phenyl 211 . . 9,7 4,0°
‘ 235 —— 12,2 : 4,1
255 (SH) 9.6 3,0
¢ ' | ” é:
‘Phenyl Phenyl 213 : 15,8 \ ' 4,2
' ) 260 ’ 13,3 ~ 4.1
Phenyl K 212 . : 8.1 é// 3.9
/ 250 (SH) 3.0 -, 3.5
® ' .
C - ‘ -
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! Table |X Ultra<Violst Spectra Data Of'l Z,A-Triazouno-s-Thiom

Derivatives.
: (\’ ‘ ‘ .., ) /Lu - ls
J : ‘ . Rl
Rl | Rz . ) ‘ U:volnngth‘ -Molar Extinction Log £
(ne)® . Cosfficient, € x 107>
) H - Phenyl . 225 - 11,4 4.1
“ ' 257 , 15,2 4,2
280 (SH) . 9,3 4.0
Phenyl Phenyl , 214 - . 12,5 4,1
' : 235 (SH) 1.2 —— 4,0
[N * R 254 ’ : . 11.‘ ‘.1
- Phanyl W = 216 . 8.2 4.0
? Ph.ny]. N N ‘ 213 15,5 4,2 .
’ | /L >\ ‘ 259 . 11.6 S %
[} S.CH - ‘ ! . ’
Cets | - |

3
)
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INFRARED SPECTRA oo .

The infrared spectra were recorded on a Perkin=Elmar 457
Spectrometer using potassium bromide disca and corrected ac-
éording to a polystyrene stanpard of 0,05 mm géfgﬁickoess.
The data of the th?osemicarbazidas and triazoline thiones
are discussed whefeas fundamental assignments of various
other products synthesized are included ip tpe genaral dis-

3

lcussion and experimental section of the thesis,

- ’ -

With respect to 1,4- and 2,4-disubstituted thiosemicar~
bazides, the constitution of an isomer is evideqﬁffram its

I;R.'spectrqm, since only the 2,4-isomer shows an Nﬂzdeformation

. ‘ - 62 . e
band in the 1650 - 1600 Cm 1 region. . Alsc, as with primary

aﬁinas, the 2,4 isomers show two absorption bands in the NH

| stretching regioh, 3500 - 3300 Cm-l, whareas the l,a-isomars;

like:-secondary "amines, show only one NH stretching band in

71 -
this area. Thess differences are depicted. in tables IX

andzz:respectively, for the pure 2,4« and 1l,4~disubstuted

thiosemicarbazides produced in this. study.

. Infiared spectroscopy has been used to determine tha

_principal thione - thiol tautomeric form present, in the solid

state, of triazoline thiones, - Threae distingyishing features

in the IR gpectrum have béen utilized, u The presence or absence °

k]
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of (1) S=H atrstching frequencies in the 2550 - 2600 Cm'l ragion}‘s

(i1) N-H stretching bands located in the 3160 = 3190,Ca~> region 1’
(11i) and thiocarbonyl stratching'vibrationq\of the thioamidse

form, 3N = C = S, around 1300 e, % This IR date is tab-
|

ulated in table XII for the various triazoline thiones produced.,

The absence, in all cases, of S5-H stretching frequencies, and
the presence of broad absorption bands in the 2920 - 3300 Ca-l
range which could in part be due to N « H stretching, as well

as the presence of bqu;Hin the 1300 Cn-l

—

ragion, indicate that
these comﬁounds are present, in the solid states, in the thione

tautomeric form,

——

]
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NUCLEAR MAGNETIC RESONANCE SPECTRAZ.

Prave et e A e e e e e -
« .U
The experimental conditiona have been described previously, .

The nuclear magnatic,rasonqnca;asaigﬁment'dath'for ghe series -

of d-phepyl-s-substituted 1,?,4—triazoles prepared, . is auﬁmarized :
in tablasizzzi through XEE. Coupling constants have been reported
where po;sible. The data supst;ﬁtiate"thé‘etructure 9s;ignments

!

made fbr thess hatrocycl%;~cgmpoundé.
‘ y
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SUMMARY

[

‘ The reaction of mono-substituted hydrazines with alkyl or
aryl isothlocyanatas can be synthetically useful if tha reacﬁion
conditions and eubstituents on the hydrazine molecule are chosen
so that either the l,4~ or 2,4-disubstftuted thiosemicarbazide
is formgd axciusiualy. It has been found that iou reaction

.~

' temperatures and electron donating substituents on the hydrazine
P : . ' ’
molecule favour the 2,4-isomer whersas high reaction tempsraturiﬁ

lend electron withdrawing substituents favour the 1,4-isoner, . o7
. ) ‘ Y

The yields are quite variable, ranging generally from 30 - 80X,

The constitution of an isomer can be determined from infrared

d spectroscopy since only the 2,4-diéubstitﬁted thiosemicarbazide

* : . =l '

has an NH2 deformation band in, the region of 1600 - 1650 Cm-*,

gInGeatigation into.ihé isoberization,of-npveral 2,4-disub=
stituted;fhioseqicarb;zides suggest,that.an intramolecular path=
way, pos?%Ply through a diaiiridine type intermediate, is ir-
volved, : ] , \\ N
Mono and disubstitutab\;,2,4~triazolina-5-ghionea ara,pri-L
pared in goud yielﬁa (-—70%)-by either ‘Teacting thiosemiélrbazidoa
uith-othyl formato or bfgggclizing l—banzoylthiosonicarbaz1d¢t '1

' in base, Auid cyclization of- 1~benzoylthioanmicarbtzidOl 1|ld

kg
;
a ‘ br
:‘. V!’
-’ Lé
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1

H

to the formation u} isomeric 1,3,4—thiadiazolas."’On%y the

'1,3,4=thiadiazoles absorb in the 300 NM region of the ulira

‘éolet,spacirum and this qiffarence can serve as a basis for

o

distihguiahing these compounds.

A reaction sequence, starting with 1,2,4-triazoline~5-

¢ . |
thiones and leading td the preparation of novel 1,2,4-triazole- - ‘

'1y2,4=triazoline-5~-thione compounds linked by a mothyl‘mercapﬁo T .-

group has been identified. It consists .of four separate reactions
with an .overall yield of ahout 30%, The following 1,2,4-triazole

“derivatives obtained in this 1nvestig§tion were new compounds:

3=phenyl (i,z,d-triazoly;-s) mercapto acetate,

ial 4v=phenyl=5'(1,2,4~triazolyl)] mercapto acetyl-s- <
thiosemicarbazide, ' '
d~phenyl=5 [4=phenyl=3'=(1,2,4=triezcline-5%hione)]
d;thyl marcapto 1,2,4-triszole, .
4—phenyi-5—»[5'-phenyl aming) =2! (1,3,4—th1ad&g§2}g¥;
> “. methyl mercapto 1,2,4-triazole, 4 ‘ ‘ h )
e - s 0 '
\ g
N ‘ , ° . Lo
e , L]
. ('V“ bt y g ’
s . i . o N
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